Mechanistic insights into skeletal development gained from genetic disorders.
A complex cascade of highly regulated processes of cell fate determination, differentiation, proliferation and transdifferentiation dictate the patterning, morphogenesis and growth of the vertebrate skeleton, perturbation of which results in malformation. In humans over 450 different dysplasias involving the skeletal system constitute a significant fraction of documented Mendelian disorders. The combination of clinical, phenotypic characterization of rare human skeletal dysmorphologies, the discovery of causative mutations and functional validation in animal models has contributed enormously to the understanding of molecular control of skeletal development. These studies revealed a myriad of genes and pathways, such as WNT, Hedgehog (HH), planar cell polarity and primary cilia, as key regulators for skeletal patterning, growth and homeostasis. The generation of mouse models recapitulating human congenital skeletal dysplasia has provided mechanistic insights into the diverse pathologies caused by single gene mutations, integrated action of developmental pathways such as WNT and HH and the role of stress responses. Technological developments in whole genome and exome sequencing have accelerated the discovery of disease-causing mutations and are changing approaches for diagnosis. The discovery that non-coding variants and disorganization of the 3D genome are associated with limb patterning disorders has revealed an additional level of complexity in the regulatory framework of skeletal development and disease mechanisms. This chapter focuses on a selection of human skeletal pathologies which illustrate how new findings about the coding and noncoding genome, combined with functional modeling, are contributing to deeper understanding of skeletal development, mechanisms of disease, with therapeutic potential for chondrodysplasias.